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© A flow imaging cytometer, in which an image 
capturing area for cells traveling in the flow of a 
specimen solution is constantly monitored to perform 
cell photography in an efficient manner, is improved 
so that fluorescent images of cells can be acquired 
with greater efficiency. Cell particles to be sensed in 
the specimen are treated with a fluorescent stain, 
and the specimen solution is irradiated with light 
from a pulsed light source for exciting fluorescence, 
and with infrared light constantly for monitoring the 



passage of cells through the cytometer. When the 
monitoring light is made to serve also as the light for 
exciting fluorescence, the specimen flow is continu- 
ously irradiated at all times at a low luminance for 
the purpose of monitoring. Then, when a cell particle 
of interest is detected, the cell particle is irradiated 
with a light pulse of high luminance to obtain a still 
picture of the fluorescence-emitting cell. At detection 
of the cell, a source of white light can be actuated to 
acquire a white-light image of the cell. 
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This invention relates to an apparatus for for- 
ming a particle-containing specimen solution such 
as blood or urine into a flat sheathed flow, irradiat- 
ing the flat flow of the specimen solution with 
pulsed light to obtain a still picture, and applying 
imaging processing to perform analysis such as 
classification and enumeration of the particle com- 
ponents contained in the specimen solution. More 
particularly, the invention relates to a flow imaging 
cytometer, which is a particle image analyser, 
adapted so as to constantly monitor an image 
capturing area of the flat specimen flow, irradiate 
the particles with light when they reach the image 
capturing area, and acquire a fluorescent image 
and/or image by white light of the particle compo- 
nents in an efficient manner. 

A technique known in the art is to subject 
particles such as stained cells to exciting light and 
perform analysis such as classification of the par- 
ticles by detecting fluorescence emitted by the 
particles. Specific examples of apparatus which 
mploy this technique are flow cytometers and 
microscopes. 

A flow cytometer is capable of detecting the 
amount of fluorescence emitted by individual par- 
ticles. 

A detailed fluorescent image can be observed 
by using a microscope. In addition, an arrangement 
is available in which the fluorescent image obtained 
is subjected to image processing. Furthermore, the 
specification of Japanese Patent Application Laid- 
open (KOKAI) No. 63-269875 discloses an image 
capturing apparatus whereby images can be ac- 
quired using three types of light, namely ultraviolet 
light, visible light and infrared light. 

An apparatus for acquiring the images of par- 
ticles flowing as a flat stream and analyzing the 
particles by image processing is disclosed in the 
specifications of Japanese Patent Application Laid- 
Op n No. 57-500995 and USP 4,338,024. 

Further, the present applicant has previously 
filed an application for an apparatus adapted so as 
to constantly monitor an image capturing area, 
detect particles in the flow when they arrive at this 
area, and acquire images of the particles in effi- 
cient fashion. 

Though the conventional flow cytometer exhib- 
its a high processing capability per unit time, the 
fluorescence from particles can be obtained only 
as a gross value, and it is not possible to acquire 
detailed information as to which portions of a par- 
ticle are emitting fluorescence and the degree of 
this fluorescence. Though a large quantity of in- 
formation can be obtain d using a microscope, 
pretr atment is laborious and a high processing 
speed cannot be obtained. 

Accordingly, an obj ct of the present invention 
is to provide a flow imaging cytometer which over- 



comes these difficulties encountered in the prior 
art. 

Another object of the present invention is to 
provide a flow imaging cytometer having a high 
5 analyzing capability and adapted to obtain, effi- 
ciently and at high speed, a large quantity of par- 
ticle information which includes detailed information 
relating to individual particles. 

According to the present invention, the fore- 

70 going objects are attained by providing a flow 
imaging cytometer comprising a flow cell formed to 
include a flat flow path for causing a specimen 
solution containing particle components to be 
sensed to flow as a flat stream, a first light source 

75 arranged on a first side of the flow cell for irradiat- 
ing the specimen solution in the flow cell with 
pulsed light, first image capturing means arranged 
on a second side of the flow ceil for capturing still 
pictures of the particle components in the speci- 

20 men solution irradiated by the first light source, a 
second light source arranged on the first side of 
the flow cell for irradiating the specimen solution in 
the flow cell with light constantly, second image 
capturing means arranged on the second side of 

25 the flow cell for capturing an image of the particle 
components irradiated by the second light source, 
processing means for executing prescribed analy- 
sis based upon image data from the first and 
second image capturing means, and control means 

30 for detecting the particle components based upon 
the image data from the second image capturing 
means, and on the basis of such detection, for 
actuating the first light source within an image 
capturing period of the first image capturing 

35 means, wherein the particle components to be 
sensed are treated with a fluorescent stain and the 
first light source is for exciting fluorescence. 

In another aspect of the present invention, the 
foregoing objects are attained by providing a flow 

40 imaging cytometer comprising a flow cell formed to 
include a flat flow path for causing a specimen 
solution containing particle components to be 
sensed to flow as a fiat stream, a first light source 
arranged on a first side of the flow cell for irradiat- 

45 ing the specimen solution in the flow cell with light 
quantity of which is switched, first image capturing 
means arranged on a second side of the flow cell 
for capturing still pictures of particle components in 
the specimen solution irradiated with high-lumi- 

50 nance pulsed light from the first light source, sec- 
ond image capturing means arranged on a second 
side of the flow cell for capturing images of particle 
components in th specimen solution irradiated 
continuously with low-luminance light from the first 

55 light source, processing means for executing pr - 
scribed analysis based upon image data from the 
first and s cond imag capturing means, and con- 
trol means for detecting the particle components 
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based upon the image data from the second image 
capturing means, and on the basis of such detec- 
tion, for switching the first light source over to 
irradiation with the high-luminance light, wherein 
the particle components to be sensed are treated 
with a fluorescent stain and the first light source is 
for exciting fluorescence. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

Fig. 1 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to a first embodiment of the present invention; 
Fig. 2 is a diagram for describing an exciting- 
light irradiated area and an image capturing area 
in a flow cell of the cytometer; 
Fig. 3 is a diagram showing the characteristic of 
a filter for eliminating exciting light; 
Fig. 4 is a diagram illustrating an example of the 
characteristic of a dichroic mirror; 
Fig. 5(a) is a diagram showing an example of a 
luminance curve in particle detection; 
Fig. 5(b) is a diagram showing an example of a 
light-emission pulse for image capturing, the 
pulse being emitted after detection of a particle; 
Fig. 6 is a measurement flowchart associated 
with the flow imaging cytometer of the present 
invention; 

Fig. 7 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to a second embodiment of the present inven- 
tion; 

Fig. 8 is a diagram for describing examples of 
image capturing areas and irradiation areas in a 
flow cell associated with the cytometer of Fig. 7; 
Fig. 9 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to a third embodiment of the present invention; 
Fig. 10 is a diagram for describing examples of 
image capturing areas and irradiation areas in a 
flow cell associated with the cytometer of Fig. 9; 
Rg. 11 is a diagram illustrating an example of 
the characteristic of a dichroic mirror associated 
with the cytometer of Fig. 9; 
Rg. 12 is a diagram illustrating another example 
of the characteristic of a dichroic mirror asso- 
ciated with the cytometer of Rg. 9; 
Rg. 13 is a diagram illustrating an example of 
the characteristic of a filter, associated with the 
cytometer of Rg. 9, for filt ring out exciting light; 
Rg. 14 is a diagram illustrating an example of a 
pulse for image capturing at the time of particle 
detection; 

Rg. 15 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 



to a fourth embodiment of the present invention; 
Rg. 16 is a diagram for describing xamples of 
image capturing and irradiation areas in a flow 
cell associated with the cytometer of Rg. 15; 

5 Fig. 17 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to a fifth embodiment of the present invention; 
Rg. 18 is a diagram exemplifying the char- 
acteristic of an exciting-light selecting 

io (transmitting) filter; and 

Fig. 19 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to a sixth embodiment of the present invention. 

75 Rrst Embodiment 

Preferred embodiments of the present inven- 
tion will now be described in detail with reference 
to the accompanying drawings. 

20 Fig. 1 is a block diagram illustrating the basic 
construction of a flow imaging cytometer according 
to a first embodiment of the present invention, and 
Rg. 6 is a measurement flowchart associated with 
this cytometer. As shown in Rg. 1, the flow imag- 

25 ing cytometer includes a flow cell 28 in which a 
stained specimen solution (of blood or urine, etc.) 
is enveloped by a sheathing liquid and formed into 
a flat flow. The flow cell 28 has a flat flow path 30 
of small thickness and comparatively great width. 

30 (As seen in Fig. 1, the flow path 30 is narrow in the 
horizontal direction and wide in the vertical direc- 
tion.) The specimen solution along with its sheath- 
ing liquid flows through the flat flow path 30 in a 
direction perpendicular to the plane of the drawing. 

35 The apparatus further includes a laser (e.g, an 
He-Cd laser or Ar* laser) 10, which serves as a 
first light source, for exciting fluorescence, and a 
white-light strobe light source 16, which serves as 
a third light source, for imaging with white light. 

40 The light from each of these light sources enters to 
a half-mirror 24. The single laser 10 performs a 
dual function, one of which is to monitor the pas- 
sage of cell particles through the flow cell 28, and 
the other of which is to provide light for capturing 

45 still pictures of the cells. The apparatus includes 
first, second and third image capturing means, 
namely a video camera 56, a CCD line sensor 40 
and a video camera 46, respectively. The second 
image capturing means 40 is for particle detection, 

so and the first and third image capturing means 56, 
46 are used in fluorescent image capturing and 
white-light image capturing. The laser 10 is so 
adapt d that the quantity of light emitted th reby 
can be varied as required. As indicat d by a lu- 

55 minance curve C1 in Rg. 5(a), particle det ction 
ordinarily is performed using a continuous light 
emission of low luminance. When a particl has 
been detected, a light pulse is emitted at a high 
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luminance in order to acquir an still pictur f the 
particle, as indicated by curve C3 in Fig. 5(b). 

Fig. 2 is an enlarged view of a specimen solu- 
tion flow region as seen from the dir ction of arrow 
A in Fig. 1 . A linear image capturing area A2 of the 
second image capturing means 40 is formed so as 
to cross both an image capturing area A1 of the 
first image capturing means 56 and an image cap- 
turing area A3 of the third image capturing means 
47 in a direction substantially perpendicular to the 
flow of particles. 

Light 12 from the laser 10 is acted upon by a 
light-forming unit 14, which comprises a cylindrical 
lens, and a condenser lens 26, whereby the flow 
zone of the specimen solution is irradiated over a 
small width in the flow direction (though the width 
is slightly larger than the outer diameter of the 
particles of interest) and a large width in a direction 
orthogonal to the flow direction so as to cover the 
aforesaid image capturing area A2. (In Fig. 1, the 
specimen flow zone is irradiated over a small width 
in the direction perpendicular to the plane of the 
drawing and over a large width in the vertical 
direction of the drawing.) When the linear image 
capturing area (also referred to as an "line sensor 
area) A2 is irradiated with light, the beam spot has 
the shape of an elongated ellipse. As a result, the 
light intensity in the image capturing area A2 is 
rendered uniform to stabilize particle detection. In 
addition, the light intensity is raised to improve the 
S/N ratio at fluorescent image capturing. 

Of the light which leaves the flow cell 28, 
exciting light is imaged on the CCD line sensor 40 
via an objective lens 32, a half-mirror 34, a dichroic 
mirror 36 and a projecting lens 38. Voltage con- 
forming to the quantity of light incident upon the 
CCD line sensor 40 is successively extracted from 
its output side. On the basis of this signal, a cell 
flow-through discriminator 58 (which serves also as 
a pulse controller) determines in real-time whether 
a particle has arrived for imaging. When a particle 
is detected, the discriminator/controller 58 imme- 
diately outputs a light-emission triggering signal 
which causes the laser 10 to emit a high-luminance 
pulse of light. An image intensifier 52 also is ren- 
dered operable in response to the light-emission 
triggering signal from the discriminator/controller 
58. Further, in synchronism with this signal, a trig- 
gering signal which fires a white-light strobe 16 is 
produced. 

Fig. 4 is a characteristic diagram of the dich- 
roic mirror 36. 

The high-luminance laser light from laser 10 
irradiates the flow cell 28 in the manner described 
earlier. If an irradiated particle emits fluorescence, 
the resulting fluorescent image is reflected by the 
dichroic mirror 36 (though the xciting light itself 
passes through the dichroic mirror 36 without re- 



fl ction) and enters to a projecting lens 50, wh re- 
by an image is formed on the input surface of the 
image intensifier 52, which serves as a photoelec- 
tric converting imaging device. The image intensi- 

5 fier 52 rendered operable by the aforementioned 
signal from the discriminator/controller 58, pro- 
duces a fluorescent image photomultiplied by a 
factor of 10 3 - 10 6 in comparison with the input 
image. The output fluorescent image is captured 

70 by the video camera via a relay lens 54 whereby a 
fluorescent image of a cell particle is obtained. 
Since the cell flow-through discriminator 58 pro- 
duces neither the laser triggering signal nor the 
intensifier drive signal in the absence of particle 

75 detection, the image intensifier 52 is not rendered 
operational at such time and prevents incident light 
from reaching the video camera 56. For caution's 
sake, it is permissible to provide an exciting-light 
removal filter between the dichroic mirror 36 and 

20 projecting lens 50. 

A delay circuit 60 applies a fixed time delay to 
the aforementioned triggering signal to obtain the 
light-emission signal that causes the white-light 
strobe 16 to fire. Upon receiving this signal, the 

25 strobe light source 16 emits a light pulse which 
follows the high-luminance emission from strobe 10 
by a fixed time delay, as indicated by luminance 
curve C3 in Fig. 5(b). This visible light from the 
white-light strobe 16 irradiates a portion of the 

30 particle-containing flow via a collimator lens 20, a 
condenser lens 22, a half-mirror 24 and the con- 
denser lens 26. (The irradiation is such that the 
image capturing areas A1 and A3 in Fig. 2 are 
covered.) The resulting white-light image from flow 

35 cell 28 is formed on the video camera 46 via the 
objective lens 32, the half-mirror 34, an exciting- 
light removal filter 42 and an objective lens 44. Fig. 
3 is a characteristic diagram of the exciting-light 
removal filter. 

40 At the time of the high-luminance light pulse 
emission from laser 10, light in the wave-length 
region of the exciting light also reaches the CCD 
line sensor 40 corresponding to the image sensor 
area when strobe 16 emits a light pulse. However, 

45 if an inhibit signal is applied in this interval, the cell 
flow-through discriminator 58 will not operate erro- 
neously and will not produce an unnecessary sig- 
nal. To this end, a high-speed electronic shutter 
can be provided in front of the line sensor 40, as 

so will be described later. 

Further, the arrangement of Fig. 1 is such that 
under conditions set forth below, all particles which 
flow through the image capturing area A2 can be 
monitored (with the exception of particles through 

55 which the exciting light is transmitted intact). In this 
case, in the arrangement of Fig. 1 , the exciting light 
merging from the flow c II 28 is interc pted and 
the fluorescent light from a particle is separated to 
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form an image on the video camera 46 and on the 
CCD line sensor 40. As a result, the CCD line 
sensor 40 forms a fluorescent-light image only. 
Thus, of the particles that pass through the image 
capturing area A2, only particles that emit fluores- 
cence can be made the subject of monitoring. In 
order to select the fluorescent light, use can be 
made of an exciting-light removal filter or a dichroic 
mirror, by way of example. To effect separation 
into fluorescent light, the half-mirror 34 can be 
employed. 

In operation, the one-line scanning period of 
the line sensor 40 in the apparatus described 
above is several tens of microseconds. Therefore, 
if the flow velocity of the specimen solution is 
given an appropriate value, a fluorescent image 
and a white-light image can be captured in the 
respective image capturing areas A1 and A3. As- 
sume that the width of the image capturing area A2 
of the CCD line sensor 40 is 1 urn, the scanning 
period of the line sensor is 33 usee and size of a 
leukocyte is 15 urn. if the flow velocity is set at, 
say, 0.1 m/sec, then the distance traveled by the 
cell in one scanning interval will be 3.3 urn. This 
means that four scans will always be made during 
transit of the leukocyte through the image capturing 
area A2 of the line sensor. It is determined by such 
scanning whether the cell passing through the area 
A2 is a cell of interest. This determination is per- 
formed in real-time. If a cell is determined to be a 
cell of interest, a triggering pulse is applied to the 
exciting light source. Assume that the length of 
time from the start of scanning by the line sensor 
40 to the application of the triggering pulse is 50 
usee. In this period of time the sample will move 
by about 5 urn. By making the exciting-light irra- 
diation area about 30 urn in size, the entirety of the 
cell will be irradiated with the exciting light Since it 
is preferred that the size of the irradiation area be 
the same as that of the cell of interest to the 
greatest degree possible, the exciting-light irradia- 
tion area and the image sensor capturing area are 
set depending upon a balance between the signal 
processing time of the image sensor and the flow 
velocity of the sheathing liquid. The exciting light 
and fluorescent light are acted upon by the objec- 
tive lens 26, half-mirror 34, dichroic mirror 36 and 
projecting lens 50 in such a manner that only the 
fluorescent component has its image formed on the 
photoelectric converting surface of the image inten- 
sifier 52. Thereafter, the fluorescent image is inten- 
sified by a factor of 10 3 - 10 6 by the image 
intensifier 52 to form an image on the fluorescent 
surface side of the intensifier. This image is formed 
on the video camera 56 via the relay lens 54. At 
this time a fluorescent image of the leukocyte 
appears on the image capturing screen. 

After the exciting light source is triggered, the 



strobe light source 16 is trigg red following a suit- 
able delay. In a case where a wavelength of the 
visible-light region is used as the light source 10 
for exciting fluorescence, the time delay should be 
5 long enough for the cell of interest (C in Fig. 2) to 
exit from the exciting-light irradiation area. This is 
processing for taking a still picture on the outer 
side of a portion of saturated luminance produced 
by the exciting light source in the image capturing 

10 area. To achieve this, the time delay selected 
should range from 100 to 300 us after triggering of 
the exciting light. The strobe light from strobe 16 is 
collimated by the collimator lens 20 and then con- 
densed by the condenser lens 22. The condensed 

75 light is reflected by the half-mirror 24 so as to 
impinge upon the condenser lens 26, whereby the 
image capturing area is irradiated. The transmitted 
light is acted upon by the objective lens 32, half- 
mirror 34, exciting-light removal filter 42 and pro- 

20 jecting lens 44, whereby an image is formed on the 
CCD surface of the video camera 46. A white-light 
image of the leukocyte appears on the image cap- 
turing screen at this time. 

By thus adopting the foregoing arrangement, 

25 both a white-light image and fluorescent image of a 
cell of interest can be obtained. By providing a 
high-speed electronic shutter, which is synchro- 
nized to the exciting-light triggering pulse, in front 
of the image sensor, the influence of the strobe 

30 light upon the fluorescent image can be reduced. 

In this embodiment of the invention set forth 
above, only capturing of the fluorescent image is 
described. However, it is possible to obtain a three- 
dimensional distribution of the quantity of fluores- 

35 cence within a cell by using an image processor to 
process the image obtained from the video camera 
56. In addition, a depolarized image of the fluores- 
cent light from a cell can be obtained by using a 
linearly polarized laser as the exciting light source 

40 and arranging a polarizer, which passes a polarized 
component orthogonal to the polarizing direction of 
the exciting light, between the dichroic mirror 36 
and projecting lens 50 of the optical system for 
fluorescent image photography. In such case, if 

45 visible light is used for the light source which 
induces fluorescence in this embodiment, then the 
filter for removing the exciting light on the side of 
the white-light image capturing system would need 
to be a filter, of the kind shown in Fig. 3, for 

50 eliminating wavelengths in the narrow-band region. 

Second Embodiment 

Fig. 7 is a block diagram illustrating a second 
55 embodiment of the present invention, which does 
not possess the white-light image capturing func- 
tion f th first mbodim nt. With this arrangem nt 
it is still possible to apply particle detection to all 
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particles or only to particles which emit fluores- 
cence. As shown in Fig. 8, there is no area A3 for 
white-light image capturing. 

Third embodiment 

Fig. 9 is a block diagram illustrating a third 
embodiment of the present invention. Here, unlike 
the first and second embodiments, the light sour- 
ces are a light source (a second light source) for 
monitoring particles, and a light source (first light 
source) for use in image capturing. The second 
light source is a near infrared semiconductor laser 
64, which is associated with a collimator lens 66 
and a dichroic mirror 68. The laser 64 emits light at 
all times. The first light source is the laser 10 for 
exciting fluorescence in the first and second em- 
bodiments. When a particle is detected, a pulse for 
image capturing purposes is emitted, as shown in 
Fig. 14, and the fluorescent image is captured by 
the video camera 56. 

Fig. 1 1 is a characteristic diagram of the dich- 
roic mirror 68, which is capable of separating the 
exciting light and the monitoring infrared light from 
each other. Fig. 12 is a characteristic diagram of a 
dichroic mirror 70 (Fig. 9), which is capable of 
separating exciting light, fluorescent light and in- 
frared light. Fig. 13 is a characteristic diagram of 
exciting light removal filter 72 (Fig. 9) for separat- 
ing exciting light and fluorescent light from each 
oth r. 

Fig. 10 illustrates image capturing areas. Here 
a fluorescent-light irradiated area B1 and an 
infrared-light irradiated area B2 are shown to be 
separated from each other, although they can over- 
lap each other if desired. 

It should be noted that an exciting laser can be 
used instead of the infrared semiconductor laser 
64. 

Fourth Embodiment 

Fig. 15 illustrates a fourth embodiment of the 
present invention, in which the third embodiment is 
additionally provided with a white-light image cap- 
turing function. To this end, a high-speed electronic 
shutter 72 synchronized to the exciting light is 
disposed in front of the image intensifier 52 of the 
video camera 56 for fluorescent image capturing. 

Fifth Embodiment 

In this embodiment, as shown in Fig. 17, a 
white-light strobe light source 11, a collimator lens 
75 and an exciting-light selecting filter 76 are em- 
ployed instead of the exciting laser of the first light 
source in th third mbodiment. This mak s it 
possible to perform the same functions. The filter 



can be exchanged for anoth r when required so 
that exciting light or fluorescent light can be se- 
lected at will. This arrangement is highly versatile 
since there is no limitation imposed upon the ob- 

5 ject of measurement. 

More specifically, a system, capable of photog- 
raphing a fluorescent image composed of any 
exciting-light wavelength can be provided by using 
the white-light source 1 1 , such as a halogen lamp, 

ro as the exciting light source, and changing the 
exciting-light selecting filter 76. In this system, 
means can be provided for changing an exciting- 
light removal filter 72 and the exciting-light select- 
ing filter 76 manually or automatically depending 

75 upon the staining solution used to treat the mea- 
surement sample. As a result, when the CCD line 
sensor 40 has determined that a particle is a cell of 
interest, a fluorescent image of this ceil can be 
obtained by the video camera 56 by irradiating the 

20 cell with pulsed light from the light source 1 1 . 

Sixth Embodiment 

In this embodiment, as shown in Fig. 19, the 
25 white-light strobe light source 1 1 , a collimator lens 
77 and an exciting-light transmitting filter 78 are 
employed instead of the exciting laser of the first 
light source. This makes it possible to perform the 
same functions. 
30 It is possible to change the type of titter when 
necessary. In other words, exciting light or fluores- 
cent light can be selected at will, and therefore the 
arrangement is highly versatile since there is no 
limitation imposed upon the object of measure- 
35 ment. 

In this embodiment, the light source 64 for 
monitoring cell flow-through in the third embodi- 
ment is made to serve also as the exciting light 
source, thereby simplifying the construction of the 

40 system. Passage of cells through the cytometer is 
monitored by the CCD line sensor 40 by using the 
exciting light source to perform irradiation normally 
at low power. Then, when flow-through of a cell of 
interest has been detected, the cell is irradiated 

45 with pulsed light emitted by the exciting light 
source at high power, thereby making it possible 
for the video camera to obtain a fluorescent image. 

The present invention has the following advan- 
tages: 

so (1) The flow imaging cytometer of the present 
invention constantly monitors the image captur- 
ing area and takes a still picture of a particle 
when the particle reaches the image capturing 
area. This makes it possible to acquire fluores- 

55 cent images of particles accurately and effi- 
ciently. 

(2) In an arrangement where a white fight source 
is provided, a white-light image can be obtained 
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as well as a fluorescent image. Particle analysis 
can be performed with greater precision as a 
result. 

(3) The arrangement can be simplified if on 
light source is made to serve as both a monitor- 
ing light source and a photographic light source. 

(4) When the second image capturing area for 
particle detection is made linear in shape, a 
restriction is placed upon the positions which 
particles can occupy in an imaged frame. The 
simplifies subsequent image processing. 

(5) In the monitoring of particles, it is possible to 
switch between the monitoring of all particles 
and the monitoring solely of particles which emit 
fluorescence. 

(6) Since filters can be interchanged depending 
upon the subject of measurement the apparatus 
can be used with greater universality. 

As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in the appended claims. 

Claims 

1. A flow imaging cytometer comprising: 

a flow cell formed to include a flat flow 
path for causing a specimen solution contain- 
ing particle components to be sensed to flow 
as a flat stream; 

a first light source arranged on a first side 
of said flow cell for irradiating the specimen 
solution in said flow cell with pulsed light; 

first image capturing means arranged on a 
second side of said flow cell for capturing still 
pictures of the particle components in the 
specimen solution irradiated by said first light 
source; 

a second light source arranged on the first 
side of said flow cell for irradiating the speci- 
men solution in said flow cell with light con- 
stantly; 

second image capturing means arranged 
on the second side of said flow cell for captur- 
ing images of the particle components irradi- 
ated by said second light source; 

processing means for executing pre- 
scribed analysis based upon image data from 
said first and second image capturing means; 
and 

control means for detecting the particle 
components based upon the image data from 
said second image capturing means, and on 
the basis of such detection, for actuating said 
first light source within an image capturing 
period of said first image capturing means, 



wherein th particle components to be sensed 
are treated with a fluorescent stain and said 
first light source is for exciting fluorescence. 

5 2. The flow imaging cytometer according to claim 
1, wherein said second light source emits in- 
frared light. 

3. The flow imaging cytometer according to claim 
w 1, wherein said second light source emits ex- 
citing light for exciting fluorescence. 

4. The flow imaging cytometer according to any 
of claims 1 through 3, further comprising: 

75 a third light source arranged on the first 

side of said flow cell for irradiating the speci- 
men solution in said flow cell with pulsed white 
light; and 

third image capturing means arranged on 
20 the second side of said flow cell for capturing 

still pictures of the particle components in the 
specimen solution irradiated by said third light 
source; 

said control means detecting the particle 
25 components based upon the image data from 
said second image capturing means, and on 
the basis of such detection, for actuating said 
first and third light sources after respective 
prescribed time delays within image capturing 
30 periods of said first and third image capturing 
means respectively. 

5. The flow imaging cytometer according to any 
of claims 1 through 3, wherein said first image 

35 capturing means has a two-dimensional image 
capturing area on the flow of the specimen 
solution, said second image capturing means 
has a linear image capturing area on the flow 
of the specimen solution, and the image cap- 

40 turing area of said second image capturing 
means is formed so as to cross the flow of the 
specimen solution within the image capturing 
area of said first image capturing means. 

45 6. The flow imaging cytometer according to claim 
4, wherein said first and third image capturing 
means each has a two-dimensional image cap- 
turing area on the flow of the specimen solu- 
tion, said second image capturing means has a 

so linear image capturing area on the flow of the 
specimen solution, and the image capturing 
area of said second image capturing means is 
formed so as to cross the flow of the specimen 
solution within the image capturing area of said 

55 first and third image capturing means. 

7. Th flow imaging cytometer according to claim 
5 or 6, further comprising means for forming 
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the irradiating light from said second light 
source into an elongated elliptical shape. 

& A flow imaging cytometer comprising: 

a flow cell formed to include a flat flow 5 
path for causing a specimen solution contain- 
ing particle components to be sensed to flow 
as a flat stream; 

a first light source arranged on a first side 
of said flow cell for irradiating the specimen 10 
solution in said flow cell with light the quantity 
of which is switched; 

first image capturing means arranged on a 
second side of said flow cell for capturing still 
pictures of particle components in the speci- 75 
men solution irradiated with high-luminance 
pulsed light from said first light source; 

second image capturing means arranged 
on a second side of said flow cell for capturing 
images of the particle components in the 20 
specimen solution irradiated continuously with 
low-luminance light from said first light source; 

processing means for executing pre- 
scribed analysis based upon image data from 
said first and second image capturing means; 25 
and 

control means for detecting the particle 
components based upon the image data from 
said second image capturing means, and on 
the basis of such detection, for switching said 30 
first light source over to irradiation with the 
high-luminance light, wherein the particle com- 
ponents to be sensed are treated with a flu- 
orescent stain and said first light source is for 
exciting fluorescence. 35 



has a two-dimensional image capturing area on 
the flow of the specimen solution, said second 
image capturing means has a linear image 
capturing area on the flow of the specimen 
solution, and the image capturing area of said 
second image capturing means is formed so 
as to cross the flow of the specimen solution 
within the image capturing area of said first 
image capturing means. 

11. The flow imaging cytometer according to claim 
9, wherein said first and third image capturing 
means each has a two-dimensional image cap- 
turing area on the flow of the specimen solu- 
tion, said second image capturing means has a 
linear image capturing area on the flow of the 
specimen solution, and the image capturing 
area of said second image capturing means is 
formed so as to cross the flow of the specimen 
solution within the image capturing areas of 
said first and third image capturing means. 

12. The flow imaging cytometer according to claim 
10 or 11, further comprising means for forming 
the irradiating light from said first light source 
into an elongated elliptical shape. 



9. The flow imaging cytometer according to claim 
8, further comprising: 

a third light source arranged on a first side 
of said flow cell for irradiating the specimen ao 
solution in said flow cell with pulsed white light; 
and 

third image capturing means arranged on 
a second side of said flow cell for capturing 
still pictures of the particle components in the 45 
specimen solution irradiated by said third light 
source; 

said control means for detecting the par- 
ticle components based upon the image data 
from said second image capturing means, and so 
on the basis of such detection, for switching 
said first light source over to irradiation with 
the high-luminance light and actuating said 
third light source after respective prescribed 
time delays. 55 

10. The flow imaging cytometer according to claim 
8, wherein said first image capturing means 
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© A flow imaging cytometer, in which an image 
capturing area for cells traveling in the flow of a 
specimen solution is constantly monitored to perform 
cell photography in an efficient manner, is improved 
so that fluorescent images of ceils can be acquired 
with greater efficiency. Cell particles to be sensed in 
the specimen are treated with a fluorescent stain, 
and the specimen solution is irradiated with light 
from a pulsed light source for exciting fluorescence, 
and with infrared light constantly for monitoring the 



Fig. J 



passage of cells through the cytometer. When the 
monitoring light is made to serve also as the light for 
exciting fluorescence, the specimen flow is continu- 
ously irradiated at all times at a low luminance for 
the purpose of monitoring. Then, when a cell particle 
of interest is detected, the cell particle is irradiated 
with a light pulse of high luminance to obtain a still 
picture of the fluorescence-emitting cell. At detection 
of the cell, a source of white light can be actuated to 
acquire a white-light image of the cell. 
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